Objective: To explore whether there exist differences in cognitive development between singletons and twins born after in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI). Methods: A total of 566 children were recruited for the study, including 388 children (singletons, n=175; twins, n=213) born after IVF and 178 children (singletons, n=87; twins, n=91) born after ICSI. The cognitive development was assessed using the Chinese-Wechsler Intelligence Scale for Children (C-WISC). Results: For all pre-term offspring, all the intelligence quotient (IQ) items between singletons and twins showed no significant differences no matter if they were born after IVF or ICSI. There was a significant difference in the cognitive development of IVF-conceived full-term singletons and twins. The twins born after IVF obtained significantly lower scores than the singletons in verbal IQ (containing information, picture & vocabulary, arithmetic, picture completion, comprehension, and language), performance IQ (containing maze, visual analysis, object assembly, and performance), and full scale IQ (P<0.05). The cognitive development of full-term singletons and twins born after ICSI did not show any significant differences. There was no significant difference between the parents of the singletons and twins in their characteristics where data were collected, including the age of the mothers, the current employment status, the educational backgrounds, and areas of residence. There were also no consistent differences in the duration of pregnancy, sex composition of the children, age, and height between singletons and twins at the time of our study although there existed significant differences between the two groups in the sex composition of the full-term children born after ICSI (P<0.05). Conclusions: Compared to the full-term singletons born after IVF, the full-term twins have lower cognitive development. The cognitive development of full-term singletons and twins born after ICSI did not show any significant differences. For all pre-term offspring, singletons and twins born after IVF or ICSI, the results of the cognitive development showed no significant differences.
Introduction
It was estimated that in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) accounted for 0.2%-3.9% of childbirths in Europe (EIM for ESHRE, 2005) . Up till recently, multiple births, mainly twins, accounted for a significant proportion of both IVF-and ICSI-resulted pregnancies, and a considerable number of these twins, triplets, and quads children were born in over the past 30 years of the practice of IVF or ICSI. IVF/ICSI-twin mothers have a greater wish for twins compared with non-IVF/ICSI-twin mothers. Despite the fact that Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology) ISSN 1673-1581 (Print); ISSN 1862-1783 (Online) www.zju.edu.cn/jzus; www.springerlink.com E-mail: jzus@zju.edu.cn only a quarter of IVF/ICSI mothers agreed to single embryo transfer (SET), delivery of a single child with high morbidity was predictive in high acceptance of SET. The implementation of elective SET requires extensive counseling of the infertile couples and legislation including strict selection criteria must also be used to facilitate this process (Pinborg et al., 2003) . SET is the simplest and most obvious way to avoid the risk of twins following assisted reproductive technology (ART). There are concerns, however, that replacing only one embryo can reduce the success rates. The multiple pregnancy rate in the Helsinki University Central Hospital in Finland has been reduced from 24% in 1998 to 8% in 2001 after the implementation of an SET as their daily practice (Gerris, 2005) .
Previous studies have shown that IVF/ICSIchildren were similar to natural-born children in physical and neurological status or in cognitive measures of intelligence quotient (IQ), visual-motor coordination, visual memory, and verbal comprehension although they were scored lower by teachers on measures of socio-emotional adjustment in school and on self-report measures of anxiety, aggression, and depression. Also, intellectual development around the age of five years was investigated and found not to be different in children conceived by IVF compared to naturally conceived children (Cederblad et al., 1996; Leslie et al., 2003; Place and Englert, 2003; Ponjaert-Kristoffersen et al., 2005) .
The selection of appropriate patients for SET can partially ameliorate the overall loss. For complete cycles, repeat SET could produce more live births per egg retrieval than repeat double-embryo transfer (DET). All treatments involving SET will increase the number of treatments required to achieve successful outcomes and this extra treatment burden will be a significant barrier to the implementation of such treatments (Roberts et al., 2011) . It is a well-known fact that multiple pregnancies can cause serious complications for ART due to the relatively high incidence in maternal, perinatal and childhood morbidity and mortality (Land and Evers, 2003) . In the initial years of ART, this was felt to be justified due to the poor clinical pregnancy rate and live birth rates. In recent years, the concerns about maternal and perinatal morbidity associated with multiple pregnancies have led to attempts to restrict the number of embryos transferred. Few researches have been conducted to explore whether there exist differences in cognitive development between singletons and twins born after IVF or ICSI. The present study was to determine the cognitive development of a large cohort of preschool ART singletons and twins using the ChineseWechsler Intelligence Scale for Children (C-WISC).
Materials and methods

Participants
Inclusion criteria for twin children were: (1) without preimplantation genetic diagnosis (PGD); (2) twin; (3) no severe disease at birth. Exclusion criteria were oocyte or sperm donation and selective embryo reduction with medical indication. All eligible twin children and their parents were invited by researchers of the Center of Reproductive Medicine (Women's Hospital, Zhejiang University, China) to participate in the study. A total of 304 twin children born after IVF or ICSI technology in the Center of Reproductive Medicine, Women's Hospital, Zhejiang University, China, during January 2002 to December 2004 were recruited, containing 213 children born after IVF and 91 children born after ICSI. A variety of socio-demographic variables including child's age and sex, mother's age, duration of pregnancy, educational background, employment status, and the type of parent's living location were recorded at baseline data collection.
The singletons as controls born after IVF or ICSI technology in the same Center of Reproductive Medicine and in the same period were randomly recruited. All controls were eligible based on the inclusion criteria. Same social-demographic variables of these children and their parents were recorded. The final control sample consisted of 262 singletons (175 born after IVF and 87 born after ICSI).
Informed written consents were obtained from the parents of all participating children. This study was approved by the Institutional Ethics Review Board of Women's Hospital, School of Medicine, Zhejiang University, China.
Cognitive development assessment
The cognitive development was assessed using the WISC-Revised (WISC-R). Specifically, a C-WISC was used to evaluate the items in the cognitive development. The six subtests measured the subscales: perceptual reasoning (exclusion, discs, hidden figures), verbal learning (verbal meaning, learning names), spatial orientation and speed (discs), and verbal fluency (idea production). Five trained investigators administered the tests.
Statistical analysis
All information from the questionnaires was entered into an SPSS database and analyzed with SPSS Version 15.0. T-test was used to compare two continuously distributed variables, and a nonparametric test (Mann-Whitney U-test) was used for variables with distributions other than normal, i.e., for all factors of cognitive development. P<0.05 indicated statistical significance.
Results
Cognitive development differences between pre-term singletons and twins born after IVF
Baseline characteristics
There were no significant differences between the singletons and twins born after IVF in all the socio-demographic variables, including duration of pregnancy, mothers' age at treatment, the educational backgrounds of the mothers, employment status, and areas of residence. No marked differences existed for child's age, sex, body height, or body weight, the sex composition of the children, or the age between singletons and twins born after IVF (Table 1) .
3.1.2 Comparison of the cognitive development between pre-term singletons and twins born after IVF As shown in Table 2 , for pre-term offspring born after IVF, there were no significant differences between twins and singletons in all the subscales.
Cognitive development differences between pre-term singletons and twins born after ICSI
Baseline characteristics
Similar with pre-term groups born after IVF, there were no significant differences between the pre-term singletons and twins born after ICSI in all the social-demographic variables (Table 3) . Table 4 . For pre-term offspring born after ICSI, there were no significant differences between pre-term twins and singletons in all the subscales.
Cognitive development differences between full-term singletons and twins born after IVF
Baseline characteristics
Similar with pre-term groups born after IVF, there were no significant differences between the full-term singletons and twins born after IVF in all the social-demographic variables (Table 5 ).
Comparison of the cognitive development between full-term singletons and twins born after IVF
As shown in Table 6 , for full-term offspring born after IVF, there was a significant difference in the cognitive development of IVF-conceived full-term singletons and twins. The twins born after IVF obtained significantly lower scores than the singletons in verbal IQ (containing information, picture & vocabulary, arithmetic, picture completion, comprehension, and language), performance IQ (containing maze, visual analysis, object assembly, and performance), and full scale IQ (P<0.05).
Cognitive development differences between full-term singletons and twins born after ICSI
Baseline characteristics
As shown in Table 7 , similar with pre-term groups born after ICSI, there were no significant differences between the full-term singletons and twins born after ICSI in all the social-demographic variables.
Comparison of the cognitive development between full-term singletons and twins born after ICSI
The outcomes of cognitive developmental testing are listed in Table 8 . For full-term offspring born after ICSI, there were no significant differences between twins and singletons in all the subscales. 
Discussion
IVF children have an increased risk of developing cerebral palsy and a higher hospitalization rate mainly due to the high twinning rate Stromberg et al., 2002) . The relatively high multiple pregnancy rate associated with ART is related to the traditional practice of replacing more than one embryo at a time within the uterus in order to maximize pregnancy rates. The distribution of singleton and multiple deliveries for both IVF and ICSI was 78.2% and 21.8%, respectively (Nyboe Andersen et al., 2009) , indicating that 40% of IVF children are multiples. Twin pregnancies not only carry additional risk for mother and child, but also increase the health and economic costs (Wolner-Hanssen and Rydhstroem, 1998) . SET indeed seems to be beneficial in terms of pregnancy outcome characteristics in singleton pregnancies as well as the incidence of preterm birth and low birth-weight is clearly reduced when SET is compared with DET. A possible explanation for this outcome can be the "avoidance" of vanishing twins in IVF/ICSI procedures when SET is applied, but this hypothesis needs further investigation (de Sutter et al., 2003b; Pinborg et al., 2003; van Montfoort et al., 2005) . A more frequent application of SET in ART clinics could be an essential step to reduce differences in outcome between spontaneous and assisted reproduction children (de Sutter et al., 2003a; Veleva et al., 2009) .
Demographic factors such as maternal educational levels and maternal age at the time of birth might play different roles in cognitive development. In the present study, these factors were well controlled. We demonstrated that compared to the fullterm singletons born after IVF, the full-term twins have lower cognitive development. For pre-term children born after ART, singletons and twins showed no significant differences in cognitive development. Similarly, compared with full-term singletons born after ICSI, full-term twins did not show a lower cognitive development level. In summary, pre-term children or children involved in ICSI showed different patterns from full-term children born after IVF. This may be caused by the negative influence of ICSI technology itself and preterm delivery.
SET may have eminent advantages in the cognitive development of children when compared with DET. The present study may be useful for clinicians in various clinical practices. Before IVF or ICSI treatment starts, the clinical practitioners should explain to the patients that the cognitive development of the twins may be slower than the corresponding singleton. The women who at first hold a strong preference for twins should realize that their preference may lead to disadvantages for their children compared to those whose parents have a preference for a singleton. However, the size of the present study was small, which may cause some bias in the singletons and twins studied. Further research in this area should evaluate emotional, behavioral, and family-relational components to investigate what extent these conclusions apply to other areas of children's development. The possible roles of other personal, family, and contextual variables in the development of the children should be explored. Clinical research with larger samples and with a longer follow-up period should be conducted in the future.
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